The strong decays of D1(2420) 0 , D * 2 (2460) 0 , D * 2 (2460) + , D * 2 (2460) − , D(2550) 0 , D * J (2600) 0 , D(2740) 0 , D * 3 (2750) 0 , D * 3 (2750) + , D * 3 (2750) − , DJ (3000) 0 , D * J (3000) 0 and D * 2 (3000) 0 resonance states are analyzed in the heavy quark mass limit of Heavy Quark Effective Theory (HQET). The individual decay rates and the branching ratios among the strong decays determine their spin and parity. From such states the Regge trajectories are constructed in (J, M 2 ) and (nr, M 2 ) planes and further predict the masses of higher excited states (1 1 D2, 1 3 D3, 3 1 S0, 3 3 S1, 1 1 F3, 1 3 F4, 2 3 D3, 3 3 P2 and 2 3 F4) lying on Regge lines by fixing their slopes and intercepts. Moreover, the strong decay rates and the branching ratios of these higher excited states are also examined, which can help the experimentalists to search these states into their respective decay modes. D * + π − final state mass spectra at the centre-of-mass energy 7 TeV of pp collision [3] . They have observed the rich spectrum of nonstrange charmed mesons, D * J (2580) 0 and D 0 J (2740) 0 with unnatural parity (0 − , 1 + , 2 − , ...) in the D * + π − decay mode. The mass spectra analysis of D + π − , D 0 π + and D * + π − reconstruct the masses and the decay widths of D * 2 (2460). The D * J (2650) 0 and D * J (2760) 0 are found with the natural parity (0 + , 1 − , 2 + , ...) in the D * + π − mass spectra. Along with these they have also got the resonant structures in a region around 3 GeV. The D J (3000) 0 was observed in D * + π − decay mode with unnatural parity and the D * J (3000) 0 in D + π − with natural parity [3] .
I. INTRODUCTION
Remarkable progress has been made in the field of charmed meson spectroscopy recently by experimental observations as well as theoretical computations. Different experimental facilities have provided new informations in this sector like masses, decay widths, branching ratios, isospin mass splittings, spin, parity, polarization amplitude etc.. At latest, the LHCb Collaboration has studied the amplitude contribution in B − → D + π − π − decay using the Dalitz plot analysis technique [1] . They found that the main contributions are coming from the D * 2 (2460) 0 , D * 1 (2680) 0 , D * 3 (2760) 0 and D * 2 (3000) 0 resonances which are decaying into S-wave D + π − . Their masses and decay widths are measured precisely (with statistical and systematic uncertainties) and make a spin parity assignment of D * 2 (3000) 0 as 2 + first time. The LHCb group in their earlier analysis of decay B 0 →D 0 π + π − has measured D * 0 (2400) − and D * 0 (2460) − mesons and identified the D * 3 (2760) − with a spin parity 3 − in the squared invariant mass region ofD 0 π − [2] .
In 2013, the LHCb detector found D + π − , D 0 π + and [1] , LHCb(2015) [2] , LHCb(2013) [3] and BABAR(2010) [4] of nonstrange charmed mesons (in MeV).
Meson
LHCb(2016) [1] LHCb(2015) [2] LHCb(2013) [3] BABAR(2010) [4] Decay mode D1(2420) 0 2419.6 ± 0.1 ± 0.7 2420.1 ± 0.1 ± 0.8 D * + π − 35.2 ± 0.4 ± 0. 9 31.4 ± 0.5 ± 1. 3 including the leading order corrections in 1/m [12] , the Blankenbecler-Sugar equation in the framework of heavylight interaction models [13] , the lattice QCD [14] etc.. We summarize the predicted mass spectra in Table II (the symbol N 2S+1 L J is used to represent the meson quantum state; where N , L and S denote the radial, orbital and the intrinsic spin quantum number respectively). Here, we take their comparison with experimental data and make following conclusions, i. Two 1S states (D and D * ) and the four 1P states (D * 0 (2300), D 1 (2420), D 1 (2430) and D * 2 (2460)) are well established with their respective J P values.
ii. D(2550) 0 was observed by experimental groups LHCb [3] and BABAR [4] . They both suggested that such a state has unnatural parity (but the PDG-2018 [5] need more confirmation). The theoretical studies identified its quantum state 2 1 S 0 .
iii. D * J (2600) 0 and D * (2640) 0 are probably the same state. From LHCb [3] and BABAR [4] its J P value is consistent with natural parity and it can be a candidate of 2 3 S 1 .
iv. D(2740) 0 was observed in a single experiment LHCb [3] with unnatural parity and it can be a candidate of 1 1 D 2 or 1 3 D 2 state. v. D * 3 (2750) belongs to 1 3 D 3 quantum state. Experimentally, the LHCb [2] determined its J P value 3 − . Yet the state D * 1 (2750) is not observed experimentally.
vi. So far the nature of D J (3000) 0 , D * J (3000) 0 and D * 2 (3000) 0 mesons are unsolved theoretically. According to LHCb [3] the D J (3000) 0 has unnatural parity. So it can be a candidate of 3 1 S 0 and 2 3 P 1 states. D * J (3000) 0 has natural parity and may belongs to 3 3 S 1 , 2 3 P 2 , 1 3 F 2 and 1 3 F 4 quantum states. The LHCb [1] measured the spin parity of D * 2 (3000) 0 as 2 + and can belongs to quantum states 3 3 P 2 and 1 3 F 2 . D(2600), D(2750) and D J (3000) 0 are found to be a mixed state of 1 3 D 1 −2 3 S 1 , 1 1 D 2 −1 3 D 1 and 2 1 P 1 −2 3 P 1 states respectively.
In this work, we analyze the strong decays of excited nonstrange charmed mesons observed by LHCb [1] [2] [3] and BABAR [4] Collaborations using the Heavy Quark Effective Theory (HQET) in the leading order approximations. On the basis of the strong decay widths and the branching fractions predictions of D 1 (2420), D(2550), D(2740), D J (3000), and D * 2 (3000) 0 and their spin partners D * (2640), D * J (2600) 0 , D * 3 (2750), and D * J (3000) we have assigned their spin and parity. Also, the strong coupling constants are determined by comparing the computed strong decay widths with experimental measurements. Similar kind of studies have been done by [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] to identify the higher charmed mesonic states. The spectroscopy of a system containing one light (up (u) or down (d) or strange (s)) and one heavy (charm (c) or bottom (b)) quark provides an excellent base to study the Quantum Chromodynamics (QCD) in the low energy regime. Additionally, our tentative spin-parity assignment of nonstrange charmed mesons allow to construct the Regge trajectory in (J, M 2 ) and (n r , M 2 ) planes, where J is the total spin, n r is the radial principal quantum number and M 2 is the square of the meson mass. They estimate the masses of 1
P 2 and 2 3 F 4 states. Their strong decay rates and branching fraction studies can guide to the experimentalists for searching them in a respective decay channels. This paper is arranged as follows: after the introduction, section II is a brief description of HQET used to study the strong decays. Section III presents results and discussion, where we attempt to identify the spin and parity of experimentally known excited nonstrange charmed mesons. In section IV we plot the Regge trajectories in (J, M 2 ) and (n r , M 2 ) planes using the masses from PDG-2018 [5] . Further, we analyzed the strong decay rates and the branching fractions of 1 
II. THEORETICAL FRAMEWORK
In the framework of heavy quark effective theory (HQET) the properties of heavy-light mesons can be determined systematically by considering infinite mass of one heavy quark, i.e. m Q → ∞ [27] . The heavy quark spin and the flavor symmetry arising from the QCD are demolished in this heavy quark (HQ) mass limit and classify the heavy-light mesons according to the total angular momentum of the light antiquark s l , s l = sq + l, where sq and l are the spin and the orbital angular momentum of the light antiquark respectively [27] .
Here we discuss the D mesons doublets corresponding to s, p, d and f waves for l = 0, 1, 2 and 3 respec- [1] LHCb(2015) [2] LHCb(2013) [3] BABAR(2010) [4] D1(2420) 0 2 + are represented by (P ′ * 2 , P 3 ) and (P ′ 3 , P * 4 ) respectively. The above symbols (P, P * , ...) are used for radial quantum number n = 1 and the same classifications follows for higher radial excitations (n = 2, 3, ...). For n = 2, these symbols are denoted with 
dagger (P † , P † * , ...) and for n = 3 they are (P ‡ , P ‡ * , ...). Hence, each doublet contains two states (or two spin partners) with total spin J = s l ± 1 2 and parity P = (−1) l+1 and can be described by the superfields H a , S a , T a , X a , Y a , Z a and R a , written as [28, 29] , 
where a (= u, d or s) is the SU (3) light quark flavor representation and ν gives the meson four velocity and is conserved in strong interactions. The heavy meson field operators P and P * (see Eqs.
(1) to (7)) contain a factor √ m Q having a mass dimension 3 2 , which annihilate the mesons with four-velocity ν. Eq. (1) is for s wave mesons; Eq. (2) and (3) for p wave mesons; Eq. (4) and (5) for d wave mesons, and Eq. (6) and (7) for f wave mesons. The strong decays take place with the emission of light pseudoscalar octet mesons. We write the matrix M of light pseudoscalar mesons described by the fields ξ = e iM fπ as,
where f π = 130.2 MeV. Refs. [31, 36] also study the strong decays of heavy mesons along with the light vector 
mesons (ρ, ω, K and φ). The effective heavy meson chiral Lagrangians L H , L S , L T , L X L Y , L Z and L R describe the two body strong interactions by an exchange of light pseudoscalar mesons, are taken from [32] , Meson
TABLE VII. The masses of nonstrange charmed meson states (in GeV) lying on the 1 3 S1, 2 3 S1 and 1 1 S0 Regge lines in (J, M 2 ) plane. where vector and axial-vector operators are, 
and δm R = m R − m H represent the mass splittings between the higher and the lower mass doublets described by the field H a (see Eq.
(1)). The strong running
can be fitted to the experimental data. For n = 2 the coupling constants are denoted by g † controls the s wave decays, h S and h T (in Eqs. (10) and (11) ) are governs the p wave decays, k X and k Y (in Eqs. (12) and (13)) describe the d wave decays, and k Z and k R (in Eqs. (14) and (15) along with the light pseudoscalar mesons (π, η and K), I. Decaying s wave doublet (P, P * ) or (P † , P † * ) or (P ‡ , P ‡ * ):
II. Decaying p wave doublets (P * 0 , P ′ 1 ) and (P 1 , P * 2 ) or (P † * 0 , P †′ 1 ) and (P † 1 , P † * 2 ) or (P ‡ * 0 , P ‡′ 1 ) and (P ‡ 1 , P ‡ * 2 ): 
III. Decaying d wave doublets (P * 1 , P 2 ) and (P ′ 2 , P * 3 ): 
IV. Decaying f wave doublets (P ′ * 2 , P 3 ) and (P ′ 3 , P * 4 ): For the decay mode P a → P b + P we have | P P | =
; where m Pa , m P b and m P are their respective masses. The coefficients P of the light pseudoscalar mesons are: C π ± , C K ± = 1, C π 0 = 1 2 and C η = 1 6 . The masses of the light pseudoscalar mesons and the ground state charmed mesons are taken from PDG-2018 [5] : M π ± = 139.57061 MeV, MeV. In the heavy quark mass limit, the spin and flavor violations of order 1 mQ are not taken into the consideration in this present study to avoid introducing new unknown coupling constants. The strong decay widths can provide some useful informations and are used for the classification of various mesonic states according to their total spin and parity. Also the ratio and the branching fractions among the decay widths, independent of the coupling constants, can help to identify the heavy mesons.
III. RESULTS AND DISCUSSION
Using the Eqs.
(18) to (44) , the strong decay rates of nonstrange singly charmed mesons (D * 2 (2460), [33, 34] will fit these strong couplings in near future. Theoretically, the Refs. [35] [36] [37] [38] [39] have studied the strong coupling constants of s and p wave ground state heavy mesons. Comparing the calculated total decay widths shown in Table III (also Figures (1) to (12) represents the strong decay rates that are changing with respect to the square of the couplings) with their respective experimentally observed decay widths listed in Table I , we determine the strong coupling constants which are presented in Table  III .
The branching ratios avoid the unknown hadronic couplings and are compared with experimental observations where available. The branching ratio,
calculated from Ref. [1] , [3] and [4] . It is in good agreement with the measurements of CLEO Collaboration 2.3 ± 0.8 [40] , underestimated to ZEUS 2.8 ± 0.8 [41] and overestimated to BABAR 1.47 ± 0.03 [4] and ZEUS 1.4 ± 0.3 [42] . The ratio,
≈ 0.70 from Refs. [1, 3, 4] and is close to 0.62 ± 0.03 ± 0.02 of BABAR measurement [43] . The branching ratio, BR D * 2 (2460) + = Γ(D * 2 (2460) + →D 0 π + ) Γ(D * 2 (2460) + →D * 0 π + ) ≈ 2.3 from [3] , which is nearer to 1.9 ± 1.1 ± 0.3 of CLEO measurement [44] and overestimated to ZEUS 1.1 ± 0.4 [42] . And, also the ratio and 3 − respectively. They are in agreement with the strong decays analysis done by Refs. [22] [23] [24] [25] [26] . An unclear resonance structures near 3 GeV region motivated our present study. We tentatively assign the quantum states of D J (3000) 0 , D * J (3000) 0 and D * 2 (3000) 0 as 2 3 P 1 , 2 3 P 2 and 1 3 F 2 respectively. The states D J (3000) 0 and D * 2 (3000) 0 are in accordance with the predictions of efforts in future.
Using these spin and parity assignments of experimentally observed D mesons, we construct the Regge trajectories in (J, M 2 ) and (n r , M 2 ) planes. By fixing the slopes and intercepts of the Regge lines we estimate the masses of higher excited states 1 1 D 2 , 1 3 D 3 , 3 1 S 0 , 3 3 S 1 , 1 1 F 3 , 1 3 F 4 , 2 3 D 3 , 3 3 P 2 and 2 3 F 4 of D mesons. Their strong decays analysis conclude that the D * + π − is dominant decay mode for 1 1 D 2 , 3 1 S 0 , 3 3 S 1 , 1 1 F 3 , 3 3 P 2 states, and the decay mode D + π − is dominant for 1 3 D 3 , 1 3 F 4 , 2 3 D 3 , 2 3 F 4 states. This study can help the experimentalists for searching these higher excited states in such decay modes. We would like to extend this scheme for the study of strong decays of excited strange charmed mesons in future.
